We present laboratory NMR measurements of 445 crude oil samples, four mud filtrates and four base oil samples, and 47 refined oil samples. I n addition to measurements at ambient conditions, a subset of the samples were measured at high temperatures and high pressures for the purpose of investigating the temperature, pressure, chemical structure, and oxygen-saturation dependences of the NMR T 2 relaxation time. We found that the relaxation time, T 2 , correlates with specific gravity better than with viscosity, especially for heavy oils. Molecular oxygen dissolved in the oils affects the light oils significantly and if uncorrected, the oxygen-saturated T 2 departs significantly from known T 2 viscosity and temperature correlations. We propose an approximate method to correct the effect of dissolved oxygen based on experimental investigation of oxygen-free and oxygen-saturated samples. We further studied the pressure dependence of the crude oils, OBMF, and refined oils and found that even for dead oils, T 2 depends on pressure and the dependence fits a quadratic expression. Finally, we investigated the chemical structure dependence of the refined oil samples; we found that the viscosity-T 2 correlation is different for ring-structured hydrocarbons from linear-chain structured hydrocarbons. On the other hand, alkanes, alkenes, and esters share the same correlation. † Now with Performance Plastic Products, Houston, Texas ‡ Summer intern. Permanent address: Chemical Engineering Department, Rice University, Houston, Texas I ntroducti on Nuclear Magnetic Resonance ( NMR) wireline logging, LWD, and laboratory core and fluid measurements are valuable for characteriz ing rock and reservoir fluid properties. Successful interpretation of NMR logs for hydrocarbon typing applications requires reliable correlations between NMR measurements ( i. e. , relaxation times and diffusion) and fluid properties ( e. g. , specific gravity, viscosity and Gas-Oil-Ratio ( GOR) . To date, several such correlations [1] [2] [3] [4] have been published and used in the industry that relate NMR relaxation times/ diffusion with the fluid viscosity, temperature, or GOR. Many of these correlations are based on data acquired at ambient temperature and pressure. None of the correlations take into account the effect of molecular structure.
I ntroducti on Nuclear Magnetic Resonance ( NMR) wireline logging, LWD, and laboratory core and fluid measurements are valuable for characteriz ing rock and reservoir fluid properties. Successful interpretation of NMR logs for hydrocarbon typing applications requires reliable correlations between NMR measurements ( i. e. , relaxation times and diffusion) and fluid properties ( e. g. , specific gravity, viscosity and Gas-Oil-Ratio ( GOR) . To date, several such correlations [1] [2] [3] [4] have been published and used in the industry that relate NMR relaxation times/ diffusion with the fluid viscosity, temperature, or GOR. Many of these correlations are based on data acquired at ambient temperature and pressure. None of the correlations take into account the effect of molecular structure.
We have investigated 445 crude oil and a handful of oil based mud filtrates ( OBMF) and base oil samples. The crude oils were originally collected from oil fields located in five continents; many of their physical properties such API gravity and viscosity were measured before we acquired the samples. The viscosity of these samples range from 0. 25 cP to 2860 cP at room temperature. We have measured NMR relaxation times at ambient conditions for all samples. I n addition, a subset of samples was studied at temperatures up to 130 C and pressures up to 4000 psi under oxygen-saturated and oxygenfree conditions. Further, a handful of OBMF samples were studied for pressure and base-oil dependence. I n addition, 47 pure and mixtures of refined oil samples were studied to elucidate the chemical structure dependence of the T 2 vs. viscosity and temperature correlations.
The present study investigates some issues of common concern that are essential to NMR fluid typing interpretation, forward modeling, and log planning. Firstly, we have developed a method to measure both the oxygen-saturated and oxygen-free oil samples, as well as a method to correct for the effect of dissolved oxygen on T 2 data. We demonstrate that the correlation between T 2 and viscosity departs from the theoretical expectation for light oils without this correction. The correlation, however, is much improved after the correction. The data were also used to derive correlations between T 2 and the specific gravity as well as temperature/ viscosity. We find that T 2 data correlates better with the specific gravity better than with viscosity. It is observed that the correlation has little geographical dependence.
Furthermore, the correlation between the relaxation time and viscosity shows weak dependence on the molecular structure for alkanes, alkenes and esters, but is considerably different for benzenes, naphthalenes, and naphthenes (cyclo-alkanes). Finally, a pressure dependence of T 2 is observed even for dead oils and the data is found to fit quadratic pressure dependence. Based on the experimental results, we are able to obtain several trends and correlations that are likely to be universally applicable.
Bulk Oil NMR Relaxation Times Viscosity Dependence
The NMR relaxation time of bulk liquids is controlled by the dipolar interactions. In the case of hydrocarbons, the dominant mechanism is the int ra-mol e c ul ar dipole-dipole interaction. For a single component fluid, I I a r T T kT (1) where a is the molecular diameter, r ij is the distance between the protons on the molecule, is the viscosity of the fluid, and T K is the temperature in Kelvins. The sum is taken over all the other protons in the molecule, although the expression is dominated by the nearest neighbor interactions. This equation was originally established based on rotational Brownian motion of spherical molecules but is valid for linear molecules as well. [ 6] The important point to note is that 1 ,2 . appears to vary from study to study. This is not surprising because the molecular size, a, and the distance between protons, r, can be different for different oil molecules. In particular, alkanes (C n H 2n+2 ), alkenes (C n H 2n ), and aromatics are expected to have different viscosity as well as different molecular sizes. Yet, the viscosity dependence shown in Eq.
(1) is reported to also be valid for most refined and crude oils. [1] [2] [3] [4] Lo has shown that live oil relaxation times obey the same T 2 -viscosity relation that dead oils do provided a correction factor is used. The correction factor depends only on the solution GOR. 
If dead oil viscosity measurements are performed, expected live oil T 2 can be predicted from Eq. (4). In addition, live oil viscosity is easily estimated using well known crude oil viscosity correlations. 7 This is important for j ob planning and forward modeling of the fluid response. In addition, if the live oil relaxation time is measured during logging, the live oil viscosity can be estimated.
Dissol ved Oxygen Dependence
Measured relaxation times of oils are affected by the presence of the dissolved paramagnetic molecular oxygen in the liquid. It adds an additional term to the relaxation time shown in Eq.
(1). The relaxation mechanism of dissolved oxygen in fluids is well known 5, 8 It is the int e r-mol e c ul ar dipole-dipole interaction between the nuclear spins and the electronic magnetic moment on the oxygen molecule.
For O 2 -saturated oil samples, the measured relaxation time is approximated to 2 2 2 2 2, 2 
where O2 is the magnetic moment of the oxygen molecule, n O2 is the number density of the dissolved oxygen, d is the distance of closest approach between the oil and oxygen molecules, and
where D o is the diffusion constant of the oil molecules and D O2 is the diffusion constant of the dissolved oxygen in the oil. K O2 is proportional to the density of the dissolved oxygen and hence its solubility. The solubility of O 2 in oils may vary from one to another, but it is reported to be 3-5 times higher than that in water.
K O2 is also inversely proportional to the average diffusion constant of the oxygen impurities in the oil and the host oil molecules. Because light impurity diffusion has a similar temperature dependence to host diffusion in liquids, 9 one might expect that K O2 has a similar temperature and pressure dependence to 1/ T 2b in Eq. (1). This would be true except that the solubility of oxygen in the liquid is also highly temperature dependent. Hence, K O2 is more temperature dependent than 1/ T 2b .
The importance of K O2 depends on the T 2b . If, as in the case of heavy oils, (K O2 )(T 2b ) << 1, then the oil relaxation is dominated by T 2b . But for light oils where (K O2 )(T 2b ) is comparable to, or greater than, 1, K O2 becomes important.
Oxygen solubility in oils is both temperature and partial pressure dependent. It might also depend on the constituents in the oil, but how strong the dependence has not been reported. If, for light oils, the dependence is weak, a correlation could be constructed that relates T 2 of O 2 -free state to T 2 of O 2 -saturated state. This is practically useful as the measurement of T 2b in oxygen-free states require long experimental time and more strict experimental conditions. If the variation in K O2 is not very large for the class of light oils, it is possible using measure from a few samples to obtain the K O2 as function of temperature and pressure and use it to estimate oxygen-free relaxation times. 13 has reported pressure and temperature dependence of liquid hydrocarbon viscosities and derived a phenomenological equation. Their experimental results show that viscosity depends quasi-linearly with pressure for temperatures larger than 60 C, and only slightly departs from linear dependence for temperatures less than 60 C and pressures larger than 10,000 psi. Thus, for real reservoir conditions, it is a reasonable approximation to expand the viscosity in a Taylor' s series and keep only the linear term,
where 0 is the viscosity corresponding to P 0 . This leads to an explicit dependence on pressure for the relaxation rate for oils. T T c P P
where T 2b,0 is the relaxation time at P 0 . Thus, in this approximation, the relaxation rate would depend linearly on the pressure. The coefficient c 2 may also be dependent of temperature that we should be able to find out from experimental data.
Next we consider the effect of pressure on the coefficient c 1 in
In the expression for c 1 , Eq. (3), we have neglected the intermolecular dipole-dipole interaction. The relaxation rate for this interaction depends on the density of the oil, and when it is included, c 1 will depend on pressure. Expanding again in a Taylor series we have,
where c 1,0 is the coefficient corresponding to P 0 .
Under this approximation, combining the coefficients, we obtain § The definition of dead oil is sometimes confusing. Here we define dead oil being gas-free oil. 
where c I and c II are linear-and quadratic-term pressure dependent coefficients, respectively.
Results

Dissolved Oxygen Ef f ect
Native oils are conventionally considered to be oxygen-free. However, circulating drilling fluids may bring oxygen from the surface to the formation. If invasion is significant, the mud filtrate will come in contact with the reservoir fluids, and oxygen dissolved in the mud filtrate may be absorbed by them. If the mud filtrate is miscible with one of the reservoir fluids, the oxygen is mixed directly. Because NMR logging tools has a shallow depth-of-investigation, one might expect the fluids in the sensitive volume to contain dissolved oxygen. However, if invasion is minimal and oxygen-saturated T 2 values are used, crude oil viscosity estimates under reservoir conditions could be in error. Thus, laboratory NMR measurements of crude oils must include measurements with and without dissolved oxygen. For this reason, a new experimental procedure has recently been proposed for measuring oxygendepleted and oxygen-saturated oil samples.
14 Under water-wet conditions, the formation water relaxation time is not expected to be affected by dissolved oxygen because it is dominated by the surface relaxation mechanism.
On the other hand, the relaxation times of non-wetting fluids, such are the native crude oil, oil-based mud filtrate (OBMF), and mixtures of the two, are not dominated by surface relaxation. Thus, the presence of dissolved oxygen in the nonwetting fluids will affect the interpretation of NMR logs. Figure 1 shows the time dependence of logarithmic mean transverse relaxation time, T 2,LM , for a light crude oil. Samples of this crude oil were heated stepwise from ambient temperature to 30, 60, 90, and 120°C, and the time dependence of the relaxation spectra observed. After thermal equilibrium at each temperature was established (t < 2 hrs.), T 2,LM for the sample at 30°C and 60°C remained constant. T 2,LM at 90°C exhibited a slight increase during the experiment. However, T 2,LM for the sample at 120°C increased from 2.8 to 6.4 seconds and became constant after about 7 hours. Figure 2 compares T 2,LM for the sample heated to 120°C, cooled to 60°C, and then to 30°C, to another sample heated from ambient to 30°C and then to 60°C. Presumably, the cooled samples remained in the oxygen-free state while the other sample contains dissolved O 2 . The cooled sample has a T 2,LM that was much larger than the samples heated from ambient. At 60°C, the relaxation time is 3.7 sec. as compared to 1.6 sec. for the heated only sample. A similar comparison can be made at 30°C. The relaxation time for the cooled sample showed a slight decrease over time, but remained at its elevated levels suggesting that once the oxygen-free state is established at high temperature, it can be sustained as the sample is cooled. The same trend is repeatable for other light samples and more details can be found in Zhang. 
Temperature Dependence of T 2
The effect of dissolved oxygen on the relaxation time of light oils is significant. It is large enough so that T 2 does not follow the conventional correlations. 1, 3 In Figure 3 , we plot the difference in linear scale of T 2 vs. T K / measured at an oxygen-saturated and an oxygen-free states, respectively, from a light crude oil sample with API = 61.5. The viscosity values at various temperatures are estimated using the Glaso's method. 15 The line in the figure represents the Vinegar's correlation. 1 We see that T 2 for the oxygen-saturated sample still follows a linear dependence on T K / , however, it departs significantly from the correlation but the T 2 of the oxygen-free sample agrees well with it. To the best of our knowledge, this difference in temperature/viscosity dependence was not reported in earlier studies because most of the data in the literature were taken at room temperature. Generally (K O2 )(T 2b ) < 1 at room temperature for most crude oils except very light ones, but at higher temperatures, (K O2 )(T 2b ) > 1, thus the effect of O 2 on the measured relaxation time is enhanced. As shown by our example, the conventional correlations for T 2 vs. T K / are well satisfied for bulk, oxygen-free oils. K O2 can be estimated from the difference between the relaxation time of the oxygen-saturated state and the oxygenfree state. 
K O2 is plotted in Figure 4 as a function of temperature. As the temperature increases, K O2 decreases because of the deceased oxygen dissolvability at high temperatures. 
Proposed Method for Correcting O 2 Effect
Measuring relaxation times of oxygen-free oil samples is a time-consuming procedure, even with the method described in Ref.
14. Thus, if a correlation can be established for K O2 from a representative set of light oil samples, it is possible to apply a correction factor to the relaxation times of oxygen-saturated samples for oils with similar properties and estimate the oxygen-free relaxation times. The temperature dependence of the O2-induced relaxation rate enhancement term, KO2 for three light oil samples. The data are acquired at 1000 psi. Figure 5 shows an example of the K O2 factor for three samples having API values between 41 and 62. The temperature dependence is explained primarily due to the decrease of O 2 solubility with increasing temperature. We see that for light oils (either associated with high API or high temperature) the K O2 value at each temperature is only weakly sample dependent. Therefore it is valid to interpolate the K O2 values for any samples fall within this range of API gravity. Figure 6 shows T 2 as a function of specific gravity for 445 crude oil samples from around the world. The upper plot shows T 2 without the correction for K O2 and the lower plot shows the corrected T 2 . The samples were selected from a large collection and a statistical cluster method was applied to the sample selection process to ensure unbiased diversity of oil viscosities. The measurements were taken at 30°C and the specific gravities are derived from the reported API gravities. In the upper plot, T 2,LM of the oxygen-saturated samples are plotted against the specific gravity. For light oil samples (low specific gravities), there is a clear departure from the loglinear trend shown as the solid line. Using the correction previously described, the data fall on to a straight line on the semi-log scale.
The lines on the graphs represent a semi-logarithmic fit to the data with light oil samples excluded (top) and included after the O 2 correction (bottom). Both data sets follow the same trend to within the error of the fit. The fit using the oxygen corrected data is 2, log ,
where = 14.13, = -13.96, and T 2,LM is in msec. The fit has R 2 = 0.9. Comparison of T 2 vs. and T 2 vs. o Figure 7 shows the same relaxation time data set shown in Figure 6 with oxygen-correction applied plotted as a function of T K / . Compared to Figure 6 , relaxation of heavy oils does not follow the same trend as the light and medium oils. A similar systematic discrepancy has also been observed by other studies. 4 This departure from the T K / correlation may have several causes. First, heavy oils have broad T 2 distributions; a crude oil with T 2,LM < 10 msec may have T 2 components less than 1 msec. 4, 16, 17 The measurements in this study use a TE of 0.4 msec and thus may not accurately measure the small T 2 components. This effect is also demonstrated by Hirasaki. 16 However, the study by Morriss 4 also shows the same behavior and it used an echo spacing of 0.16 msec. Thus, the effect of echo spacing is not the complete picture. Several studies show that both T 1 and T 2 are frequency dependent and that T 1 > T 2 for heavy oils. [16] [17] [18] This indicates that at least some crude oil constituents are no longer in the motionally narrowed regime. If the rotational correlation time of these constituents is sufficiently large, T 2 may approach the rigid lattice limit of a few tens of microseconds which is much smaller than the detection limit of low field NMR spectrometers.
Finally, crude oils are not considered Newtonian fluids. Thus, measured viscosity will depend on the specific measurement methodology and thus affect the viscosity vs. T 2 correlation. In a subsequent section, we will discuss that the chemical structure difference may also attribute to the departure of T 2 from temperature/viscosity correlation.
The oxygen corrected T 2 viscosity equation is obtained based on fitting the data with T 2 10 ms. The result is
with c = 3.18 when is in cP, T K in Kelvin, and T 2,LM is in msec. This can be compared to Vinegar's correlation where c = 4.03. The difference is within the fitting error of the coefficient.
Furthermore, we included oxygen-free high-temperature measurements in the data shown in Figure 7 . The high temperature data were acquired at 1000 psi pressure instead of ambient pressure. Nevertheless, the fit is only slightly affected. These data are included because the pressure dependence is relatively weak.
Comparing Figure 6 (bottom) and Figure 7 , we find that T 2 correlates specific gravity better than that with the T K / especially for the heavy oils.
Absence of Oil Field Dependence
The T 2 vs. and T 2 vs. o correlations are derived from samples collected from diversified well locations in five continents, although majority of them are from U.S.A land and offshore. (See the legends in Figure 6 and Figure 7 ) While the viscosity varies significantly, a single correlation using specific gravity fits the data without regard to any specific oil reservoirs. This suggests that even without the local sample calibration, the global correlation works reasonably well. The correlation, however, uses a single value, T 2,LM , to represent the complex crude oil T 2 -distribution. Any number of crude oils could be characterized by a single T 2,LM yet the T 2 -distributions might be different. Such variations could be caused by the variations of chemical composition of each crude oil. The following section shows evidence that the chemical composition affects the correlation of T 2,LM with viscosity and specific gravity.
Characteriz ation of T 2 of Refined Oils and Mixtures
Crude oils contain many components. Light oils usually are dominated by alkanes and alkenes. Heavier oils may also contain naphthenes, alkenes, or aromatics in addition to the single-bond hydrocarbons. The data plotted in Figure 8 are included in Figure 9 . OBMF Measurements NMR relaxation in OBMF has not been extensively investigated because there is a general understanding that the OBMF acts similar to the base oil. We selected four base oils which have different chemical structures and four OBMF samples for the present study. Table 1 and Table 2 list the properties of the base oils and OBMF samples.
The main components in base oil samples are ester (B1), alkenes (B4), mineral oil (B2) and a blend of mineral oil, internal olefin and ester (B3). If the base oils and filtrates follow the same T 2 vs. /T K as oil mixtures, we would expect the all of the samples should follow the same T K / dependence. However, the data do not appear to be on the same line, as shown in Figure 10 . The alkenes and esters based fluids appear to be different from that of linear alkane based fluids. It is highly possible that some additives in the base oils and filtrates, which are usually not available in the base oil data sheets, contribute to the observed difference. Because of these, we think measuring filtrates samples are important if one wants to improve the accuracy in the fluid characterization using NMR data. OBMF and base oil T2 measured at various temperatures. Note that different base oil and filtrates do not fall on to the same line. Pressure Dependent of dead oil T 2 Six crude oil samples and one pure hexadecane have been measured in the temperature range 30 C to 120 C and for pressures from 14.7 to 4000 psi. The API gravity of the six samples varies from 57.4 to 12.6. Figure 11 and Figure 12 show the effect of pressure on relaxation rate. The difference in the relaxation rate from the reference conditions is plotted as a function of the difference in the pressure at the reference conditions, normalized to the reference relaxation rate. Thus 
where 1/T 20 is the relaxation rate at the reference pressure,P 0 , is plotted as a function of the change in pressure, (P-P 0 ). In our study, P 0 = 0 and T 0 = 30º C. This normalization process makes it easy to assess the relative sizes of the rate changes from sample to sample and from one temperature to another.
The pressure dependence of a 12.6 API gravity heavy oil is shown in Figure 11 and a 57.4 API gravity oil is shown in Figure 12 . In both samples, a monotonic increase in the relaxation rate difference is observed for all temperatures. The measurements were using the oxygen saturated samples that are shown in Figure 11 (a) and Figure 12 (a), respectively. Note that the 120°C data used in these figures was acquired immediately after thermal equilibrium was reached but before the oxygen dissipated from the samples. Using the procedure previously outlined to correct relaxation rates for the effect of dissolved oxygen, the relaxation rate difference is corrected for all temperatures. The data are replotted in Figure 11 (b) and Figure 12 (b). As expected, there is little effect on the relaxation rate difference of the heavy oil, but a significant effect on the rate difference of the light oil. The pressure dependence of the normalized relaxation rate change is smaller for the light oil sample in the oxygen saturated state (Figure 12(a) ) than the heavy oil (Figure 11(a) ). Even at 4000 psi, the maximum normalized rate change for the light oil is only about 20% compared almost 40% for the heavy oil sample. Both samples show a reduction in the normalized relaxation rate change with increasing temperature. If the oxygen correction were first applied to the data, and the relaxation rate difference is computed, the maximum normalized rate change increases to about the same level for both types of oils. Thus, the presence of oxygen in the samples explains in part the differences found in the pressure dependence of the relaxation rate of heavy and light oils. No other evidence was found that suggests that the pressure dependence correlates with viscosity. Figure 13 shows the pressure dependence of the normalized relaxation rate difference for six crude oil samples with API gravities ranging from 12.6° to 57.4° at 30ºC, and four samples measured at 120ºC. All samples fit a second order polynomial remarkably well, suggesting the proposed Eq. (17) is valid.
However, in Figure 13 (a) the pressure dependence varies from sample to sample and does not exhibit a correlation with API gravity or viscosity. Because no compressibility data were available for these samples, we can only speculate that the structural differences in these samples that play a role in the compressibility may affect the pressure dependence significantly. Thus, the pressure dependence of relaxation rates in crude oil samples can not be characterized using viscosity alone. Figure 12 Pressure dependence of a light oil sample measured in three temperatures. Plotted is the reference relaxation rate change as the function of the pressure difference with reference to P0 = 0.
Next, we change the normalization factor in Eq. (21) to the reference point such that P 0 = 0 and T 0 = T (the individual measurement temperatures) as shown in Figure 14 , 
This is equivalent to normalize the relaxation rate difference with respect to the viscosity at the given temperature and zero pressure. Compared with the normalization done in Eq. (21), by removing temperature dependence of viscosity in the equation, the pressure dependence of the relaxation rate change still does not correlate to API. This is additional evidence that oil compressibility may be significantly different for crude oils. 
Discussion
The meas ur ement time dependenc e of T 2 , s hown in Figur e 2, s hows a r elatively lar ge T 2 gap between T = 90 C and T = 120 C. Dur ing the temper atur e inc r eas ing c yc le, T 2 is dominated by oxygen par amagnetic mec hanis m, but at 120°C, it takes a muc h s hor ter time to r eac h the s tabiliz ed T 2 , indic ating at high temper atur es the s amples ar e oxygen-f r ee. This tr end has been obs er ved f or all light oil s amples we have s tudied. The mec hanis m by whic h oxygen is r emoved f r om c r ude oil at high temper atur es is yet to be deter mined. Two pos s ible mec hanis ms ar e a c hemic al r eac tion that c ons umes the oxygen or a lar ge r educ tion in the s olubility of oxygen. If it is deter mined that this mec hanis m is als o at wor k in the downhole envir onment, we may be able to us e oxygen-f r ee r elaxation times to inter pr et NMR logs in r es er voir s wher e the temper atur e is above 120°C even when f iltr ates invade the f or mation. On the other hand, below this temper atur e, OBM f iltr ates may s till c ontain enough oxygen to af f ec t the r elaxation time of the oils and henc e NMR log inter pr etation.
Conclusions
NMR T 2 r elaxation time meas ur ements wer e per f or med us ing 445 c r ude oil s amples , f our OBMF and f our bas e oil s amples , and 47 r ef ined oil and oil mixtur e s amples . W e obs er ved that the r elaxation time c or r elates with s pec if ic gr avity better than with vis c os ity and temper atur e. W e als o f ound that c hemic al s tr uc tur e af f ec ts the r elaxation time-vis c os ity c or r elation. In par tic ular , linear c hain hydr oc ar bons (alkanes and alkenes ) and es ter s in pur e f or ms or in mixtur es depend on vis c os ity in the s ame way. In addition, the r elaxation r ates ar e linear ly dependent on the molar c onc entr ation in oil mixtur es . On the other hand, ar omatic s and c yc lo-alkanes depend on vis c os ity in a dif f er ent manner . This c ould explain in par t the depar tur e of heavy oil T 2 f r om the vis c os ity c or r elation that wor ks f or light and medium oils bec aus e heavy oils may c ontain mor e ar omatic s .
We proposed a method to correct relaxation times of oils for the effect of dissolved oxygen. Using this correction, the relaxation time of the samples with dissolved oxygen can be used to estimate the relaxation time of samples that are oxygen free. Thus it is no longer always necessary to perform the time-consuming experiments in both states. Further, we verified that after correcting for the effect of dissolved oxygen, the T 2 data follow the same viscosity-temperature correlation originally established using only room temperature data. We further investigated the pressure dependence of T 2 of oxygenfree crude oils and found that the relaxation rates vary up to 40% with pressure (up to 4000 psi) and are quadratically dependent on pressure.
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